We report the discovery of EPIC 246851721 b, a "tropical" Jupiter in a 6.18-day orbit around the bright (V = 11.439) star EPIC 246851721 (TYC 1283-739-1). We present a detailed analysis of the system using K2 and ground-based photometry, radial velocities, Doppler tomography and adaptive optics imaging. From our global models, we infer that the host star is a rapidly rotating (v sin I = 74.92 km s −1 ) F dwarf with T eff = 6202 K, R = 1.586 R and M = 1.317 M . EPIC 246851721 b has a radius of 1.051 ± 0.044R J , and a mass of 3.0
INTRODUCTION
Ever since their initial discovery in 1995, the formation and evolution history of hot Jupiters have been the subjects of intense study. We have yet to understand how hot Jupiters, giant planets orbiting at just a few percent of an astronomical unit from their host stars, are able to reach such close-in orbits. Their origin theories fall into three categories: in situ formation (e.g. Bodenheimer et al. 2000; Batygin et al. 2016; Boley et al. 2016a) , high eccentricity migration via gravitational perturbations by bound stellar companions (e.g. Wu & Murray 2003) or by other planets in the system (e.g. Rasio & Ford 1996; Naoz et al. 2011) , and smooth disk migration (e.g. Lin et al. 1996; Alibert et al. 2005) . Among these mechanisms, high eccentricity migration is capable of altering the planet's orbital orientation and driving up the stellar obliquity (i.e. the angle between the planetary orbit and the host star's spin axis), while in situ formation and disk migration are likely to pre-serve or even reduce the initial obliquity, although this initial obliquity may not necessarily be small (see e.g. Batygin & Adams 2013; Lai 2014) . Therefore the measurement of stellar obliquities is a key to understanding the migration of hot Jupiters (e.g. Albrecht et al. 2012) . Only the sky projection of this angle, λ, can be directly measured via the Rossiter-McLaughlin effect (McLaughlin 1924; Rossiter 1924) , Doppler tomography (Collier Cameron et al. 2010) , or star spot crossings (SanchisOjeda et al. 2011 ), among other techniques. As of June 2018, 125 planets have measured projected obliquities 9 , the majority of which are hot Jupiters with orbital periods shorter than 5 days. The projected obliquity is only a lower bound on the true, three-dimensional obliquity, of which only 23 planets have measurements.
As was first noted by Winn et al. (2010) , Schlaufman (2010) and others, among hot Jupiter hosts, stars with cool photospheres ( 6100 K) are generally in spin-orbit alignment, while hotter stars ( 6100 K) span a wide range of obliquities. The temperature boundary coincides with the "Kraft break", the transition between convective and radiative stars (Kraft 1967 ). This dichotomy is commonly thought to arise from differences in internal structures between hot and cool stars. Under this hypothesis, hot Jupiter systems acquire a wide range of obliquities through the migration process of the planet (e.g. Rasio & Ford 1996; Fabrycky & Tremaine 2007) , magnetic star-disk interactions (Lai 2014) , or torques from distant stellar companions (Batygin 2012) . But stars cooler than ∼ 6100 K have thick convective envelopes and high rates of tidal dissipation, and are able to quickly realign orbits through tidal interactions. Hot stars, on the other hand, can only weakly dampen orbital obliquities and cannot realign the planets on Gyr timescales.
Recently, however, this tidal realignment hypothesis has been challenged by new observations. Using ensemble measurements, Mazeh et al. (2015) found that the hot/cool obliquity distinction persists even for longperiod planets, where tidal interactions should be negligible. Theoretically, it is also difficult to explain how a planet can realign its host star without sacrificing all of its angular momentum and leading to orbital decay (e.g. Lai 2012; Damiani & Lanza 2015; Lin & Ogilvie 2017) . Therefore the interpretation of hot Jupiters' obliquities remains an outstanding problem, which calls for an expansion of the parameter space for which we have obliquity measurements. In particular, we need to measure the obliquities of planets with longer orbital periods than typical hot Jupiters, including warm Jupiters (with orbital periods 10 days) and Jovian planets with periods between 5 and 10 days, which we dub "tropical" Jupiters.
Unlike typical hot Jupiters, which have periods shorter than 5 days, tropical Jupiters may provide important insight into the dynamic evolution of close-in giant planets. At farther distances from their host stars, tropical Jupiters experience weaker tidal effects, and thus may have retained both the obliquity and eccentricity they had when emplaced in their current orbits. The tidal circularization timescale scales with the orbital period as τ circ ∝ P 13/3 (Adams & Laughlin 2006) . For a tropical Jupiter with a period of 5 days, the circularization timescale is as long as ∼ 2 Gyr. This means that if closein Jovian planets arrive through high eccentricity migration, we should be able to detect non-zero primordial eccentricities and obliquities in tropical Jupiters. Tropical Jupiters are also distinct from warm Jupiters, which are often defined in the literature as giant planets with incident irradiation levels below 2 × 10 8 erg s −1 cm −2 . In this paper, we present the discovery and obliquity measurement of a tropical Jupiter, EPIC 246851721 b, using Doppler tomography. The planet transits a rapidly rotating (v sin I = 74.92 km s −1 ), bright F dwarf on a 6.18-day orbit. Despite having an effective temperature just above the Kraft break, the planet appears to be very well aligned. Using what appears to be spot modulations in the K2 light curve, we were able to estimate the true obliquity of this system. Interestingly, the host star also has a distant, bound stellar companion, which enables us to examine the role of stellar Kozai-Lidov oscillations in the planet's migration history. This paper is organized as follows: we describe our discovery and observations in Section 2, our derivation of stellar and planetary parameters in Sections 3 and 4, and our interpretation of the stellar companion and well-aligned planetary orbit and future prospects in Section 5.
OBSERVATIONS
EPIC 246851721 was observed by Kepler between March 8 and May 27, 2017 during Campaign 13 of its K2 mission. It was proposed as a target in three programs: GO13071 (PI Charbonneau), GO13122 (PI Howard) and GO13024 (PI Cochran). A summary of EPIC 246851721's photometric and kinematic properties is given in Table 1 .
K2 Light Curve
We extracted photometry for EPIC 246851721 from pixel-level data, which we downloaded from the Mikulski Archive for Space Telescopes (MAST) 10 . We computed the raw aperture photometry by summing the flux inside an irregularly shaped aperture consisting of all pixels that are within some distance away from the centroid of the star. For EPIC 246851721, a distance of 5 pixels yielded the best-calibrated photometry.
K2 photometry is dominated by systematics resulting from spacecraft motion. During spacecraft rolls, stars move over different pixels with varying sensitivities, leading to apparent changes in stellar brightness. As shown by Vanderburg & Johnson (2014) , these systematics are strongly correlated with centroid positions of the stars. Our light curve detrending process is similar to that described in detail in Huang et al. (2015) . In brief, we used the averaged centroid motions of 4 bright stars to represent the centroid positions of all stars in the same campaign. Short-term variations in flux due to spacecraft motion are fitted as the sum of a set of cosine and sine functions of centroid position and the first 10 principal components of fluxes of stars in the same channel. The systematics model is then removed from the raw light curve.
We then filtered out any remaining low-frequency variability (mostly intrinsic stellar variability) using a set of cosine and sine functions, following the method described in Huang et al. (2013) . In order to avoid distorting the transit profiles, we set the minimum timescale of the harmonic filter to 0.5 days. We used the box-least-squares (BLS) algorithm (Kovács et al. 2002) to search for periodic transit signals in the filtered light curve, following procedures outlined in Huang et al. (2013) , and selected candidates according to statistics produced with the VARTOOLS (Hartman & Bakos 2016) implementation of BLS. This search yielded a signal with a SNR of 61.9 and a preliminary period of 6.18 days.
After identifying the transits, we produced new light curves by simultaneously fitting the transits, the K2 roll systematics, and long-timescale stellar/instrumental variability. Reprocessing the K2 light curves in this way prevents the shape of the transits from being biased by the removal of K2 systematics. We used light curves and corrections of systematics derived using the method of Vanderburg & Johnson (2014) as initial guesses for our simultaneous fits, which we then performed following Vanderburg et al. (2016) . Throughout the rest of this paper, we use these simultaneously-fit light curves in our analysis and our plots. Fig. 1 shows the systematicscorrected, flattened 11 and detrended light curves of EPIC 246851721.
Ground-Based Follow-Up
In this section, we present our ground-based photometric and spectroscopic observations used to confirm the planetary nature of EPIC 246851721 b. Section 2.2.1 describes our radial velocity measurements with TRES and Doppler tomography with MIKE; Section 2.2.2 presents 10 https://archive.stsci.edu/k2/ 11 We flattened the light curve by dividing away the best-fit long-timescale variability from our simultaneously-fit light curve. adaptive optics imaging follow-up with NIRC2; Section 2.2.3 describes additional ground-based photometry obtained with the DEMONEXT telescope.
Spectroscopy
To constrain the mass of the planet and measure the stellar atmosphere properties of the host star, we obtained a series of spectroscopic observations with the Tillinghast Reflector Echelle Spectrograph (TRES; Szentgyorgyi & Furész 2007; Furész 2008 ) on the 1.5 m telescope at Fred Lawrence Whipple Observatory, Mt Hopkins, Arizona. TRES is a fibre-fed echelle spectrograph with a resolving power of R ≡ λ/∆λ ∼ 44, 000, over the wavelength range 3900 − 9100Å, spanning 51 echelle orders. A total of 17 observations were obtained with TRES over the time period 2017 September 24 -2017 November 14, covering multiple orbital phases of the planet. The spectra were reduced as per Buchhave et al. (2010) . Relative radial velocities were extracted by crosscorrelating against the median observed TRES spectrum. In order to avoid regions of the spectra containing low SNR telluric lines, or little information content, crosscorrelations were carried out across only 12 echelle orders in the wavelength range 4290 − 5485Å. We track and correct for TRES instrumental zero point shifts using nightly observations of RV standard stars; the shifts ( 10 m s −1 ) are small compared to the RV uncertainties of EPIC 246851721. The final relative velocities are reported in Table 2 . To translate the relative RVs to an absolute scale, we calculate two additional offsets: that between the relative and absolute TRES RVs; and that between the absolute TRES and IAU scales. Absolute TRES RVs are calculated by cross-correlating the spectra against synthetic templates, and these absolute TRES RVs are used to calculate the weighted mean offset between relative and absolute TRES RVs. The offset from TRES to the IAU scale is calculated from the absolute TRES velocities of the RV standards. The final absolute center-of-mass velocity for the system is given in Table 1 , but the offsets applied carry additional uncertainties not representative of our sensitivity to orbital motion. For this reason, we perform our analysis on the relative RVs, and report the fitted center-of-mass velocity (i.e., on the relative scale) in Table 3 . Due to the rapid rotation (v sin I = 74.92 km s −1 ) of the host star, the radial velocities were of lower precision than that typically achieved with TRES. With the velocities, we can only detect the mass of the planet at 2.5σ significance, with a value of 3.0
For planets around rapidly rotating stars that are not 77.70 ± 0.78 TRES; this paper Space motion (U * , V, W ) (km s −1 ) (−22.6 ± 0.3, −12.6 ± 1.1, −10.1 ± 0.5) this paper conducive to a mass measurement via traditional radial velocity techniques, spectroscopic detections of planetary transits can be used to eliminate blend scenarios. During the transit, the planet casts a shadow on the rotating stellar surface, distorting the rotationally-broadened spectroscopic line profile that we observe. By obtaining a time series of spectroscopic observations during transit, we can track the changes in the line profiles, and detect the Doppler tomographic shadow cast by the planet (Rossiter 1924; McLaughlin 1924; Collier Cameron et al. 2010) . Such a detection, when consistent with the amplitude expected based on the stellar v sin I and transit depth, as well as the impact parameter from the transit, confirms that the occultor is indeed transiting the primary star. This, combined with an upper limit on the occultor's mass from the Doppler measurements, confirms the planetary nature of the occultor (Collier Cameron et al. 2010; Bieryla et al. 2015) We obtained a series of spectroscopic observations during the transit of EPIC 246851721 on 2018 Jan 04 with the Magellan Inamori Kyocera Echelle (MIKE, Bernstein et al. 2003) , located at Las Campanas Observatory, Chile. MIKE is a slit-fed echelle spectrograph, with a wavelength coverage of 3200 − 10000Å obtained over the red and blue arms of the instrument. Our observations were obtained using the 0. 50×5. 00 slit, yielding a spectroscopic resolving power of R = 43, 000 in the red, and R = 48, 000 in the blue. A total of 29 observations were obtained through the transit, at an integration time of 600 s in both the blue and red cameras. Wavelength solutions are provided by ThAr arc lamp exposures every 30 minutes. Flat fielding corrections are applied using Quartz lamp exposures taken during the afternoon. The spectral reductions and extractions were performed using the Carnegie CarPy package (Kelson et al. 2000; Kelson 2003) .
The Doppler tomographic analysis largely follows that described in Zhou et al. (2016) . To measure the spectroscopic line profiles, we perform a least-squares deconvolution between the observed spectra and a non-rotating spectral template (Donati et al. 1997; Collier Cameron et al. 2010) . The resulting kernel from the deconvolution describes the line broadening profile, including effects from stellar rotation, macroturbulence, and instrumental broadening. The unbroadened infinite resolution spectral template is synthesised with the SPECTRUM code (Gray & Corbally 1994) , using the ATLAS9 atmosphere models (Castelli & Kurucz 2004) , at the measured stellar parameters of the host star. The deconvolution is performed over individual echelle orders spanning the spectral range 4900 − 6200Å, and the resulting broadening kernels from each order are averaged into a master broadening kernel for each observation.
Changes in the line broadening kernel derived from the deconvolutions reveal the Doppler tomographic shadow of the planet. An averaged out-of-transit kernel is subtracted from each observation, and the resulting line profile residuals are plotted in the Doppler tomographic map in Fig. 2 . The dark trail represents the Doppler tomographic shadow of the transiting planet. The angle of the trail describes the projected spin-orbit angle of the planet, and is fitted for in the global model in Section 4.
Keck/NIRC2 Adaptive Optics Imaging
As part of our standard process for validating transiting exoplanets, we observed EPIC 246851721 with infrared high-resolution adaptive optics (AO) imaging at Keck Observatory. The Keck Observatory observations were made with the NIRC2 instrument on Keck-II behind the natural guide star AO system. The observations were first made on 2017 Aug 20 in Br − γ and the repeat follow-up observations were made on 2017 Oct 30 in both Br − γ (λ • = 2.1686 µm, ∆λ = 0.0326 µm) and in the J band (λ • = 1.248 µm, ∆λ = 0.163 µm) filters. The observation sequence utilized the standard 3-point dither pattern that is used with NIRC2 to avoid the left lower quadrant of the detector which is typically noisier than the other three quadrants. The dither pattern step size was 3 and was repeated three times, with each dither offset from the previous dither by 0.5 .
The August 2018 observations utilized an integration time of 7.8 seconds with one coadd per frame for a total of 70.2 seconds and detected a companion 5.8 to the southwest (Fig. 3) . The additional follow-up observations made in October 2018 utilized a 10 second integration (1 coadd) in the Br − γ filter for a total of 90 seconds and a 1 second integration (1 coadd) in the J band filter for a total of 9 seconds. In all observations, the camera was in the narrow-angle mode with a full field of view of 10 and a pixel scale of approximately 0.009942 per pixel. We use the dithered images to remove sky background and dark current, and then align, flat-field, and stack the individual images. The NIRC2 AO data have a full-width half-maximum (FWHM) resolution of 0.051 in Br − γ and 0.039 in the J band. The sensitivities of the AO data were determined by injecting fake sources into the final combined images with separations from the primary targets in integer multiples of the central source's FWHM (Furlan et al. 2017; Ciardi et al. 2018) . The companion star is ∼ 4 magnitudes fainter than the primary star in the Ks band.
The stellar companion at 5.8 southwest of the primary star is also detected in the 2MASS imaging (2MASS J05154048+1616394, see right panel of Fig. 3 ). In agreement with the Keck observations, the companion star is approximately 3.9 magnitudes fainter than the primary star at Ks and 4.4 magnitudes fainter at J. orbits the primary star and the AO imaging rules out the presence of any additional stars within ∼ 0.25 of the primary and the presence of any additional brown dwarfs or widely-separated tertiary components beyond 0.25 . The presence of the blended 5.8 stellar companion is taken into account to obtain the correct transit depth and planetary radius (Ciardi et al. 2015 ).
In addition, we also examined archival images from POSS-I, POSS-II and Pan-STARRS (Fig. 4) . POSS-I and Pan-STARRS both show another possible faint source northeast of the primary, right at the edge of the K2 aperture, but the corresponding catalogs as well as UCAC, 2MASS, SDSS12 and GSC2.3 all indicate that there are no other sources brighter than 20 magnitudes in the g -band and 19 magnitudes in the r -band within 30 of the primary, apart from the companion at 5.8 . The optical flux contribution of any other possible nearby sources is below the precision of K2 and can be safely ignored in our transit fits.
Ground-Based Photometry
We obtained additional ground-based photometry for EPIC 246851721 using the DEMONEXT telescope (Villanueva et al. 2018) at Winer Observatory in Sonoita, Arizona. DEMONEXT is a 0.5 m PlaneWave CDK20 f /6.8 Corrected Dall-Kirkham Astrograph telescope. It has a 2048×2048 pixel FLI Proline CCD3041 camera, with a 30.7 × 30.7 field of view and a pixel scale of 0.90 pixel −1 . EPIC 246851721 was placed in the DEMONEXT automated queue beginning in December 2017 through February 2018 with observations requested in i . Using the ephemerides derived from the K2 light curves, RA, DEC, and magnitude, DEMONEXT automatically scheduled transits on 5 nights where at least 1.5 hours of observations could be made that included 30 minutes of either pre-ingress or post-egress data, and 60 minutes of intransit data. Observations ranged from 2 to 6 hours. An exposure time of 20 seconds was used and DEMONEXT was defocused to avoid saturation. In February 2018, DEMONEXT was also used in alternating filter mode with observations alternating between g and i for the transit occurring on UT 2018 Feb 05. A total of 1882 observations were made, with 1769 in i and 113 in g .
All observations were reduced using standard bias, dark, and flat-fielding techniques. Relative aperture photometry was performed using AIJ (Collins et al. 2017) on the defocused images to obtain the time-series light curves. No detrending parameters were used in the initial reductions. The resulting light curves are shown in Fig. 5 . The stellar companion at 5.8 southwest of the primary star is not resolved in the defocused images.
HOST STAR CHARACTERIZATION

Spectral Analysis
We obtain initial estimates of some of EPIC 246851721's physical properties from the TRES spectra using the Spectral Parameter Classification (SPC) procedure of Buchhave et al. (2012) . However, since the star is rapidly rotating, SPC yields less reliable results than for slowly rotating stars. We ran SPC with no parameters fixed, and obtain the following error-weighted mean values: effective temperature T eff = 6565 ± 203 K, surface gravity log g = 3.92 ± 0.44 (cgs) and metallicity [m/H] = 0.14 ± 0.09. We adopt these values as starting points and/or priors for the global fit described in Section 4.
Since an accurate measurement of the projected stellar rotational velocity v sin I directly affects the measured spin-orbit angle of the planet, we performed a detailed modelling of the line profile to derive the broadening velocities of the host star. We derive a series of line broadening kernels from the TRES spectra via a least-squares deconvolution against synthetic non-rotating templates (similar to the process described in Section 2.2.1). We make use of the TRES spectra since TRES is a fibre-fed spectrograph with a stable instrument profile. We model the line broadening profiles via a numerical disk integration, accounting for the varying radial-tangential macroturbulence, rotational broadening, and limb darkening in our model (following Gray 2005) . The disk-integrated line broadening kernel is then convolved with a Gaussian function of width 6.8 km s −1 to account for the instrument broadening. The disk integration process is computationally intensive, as such we only compute a grid of broadening kernels spanning 2 < v sin I < 100 km s −1 and 1 < v macro < 20 km s −1 , and interpolate within the grid during our model fit (Zhou et al. 2018) . By modeling the line profiles, we derive a projected stellar rotation rate of v sin I = 74.77 ± 0.63 km s −1 , and a macroturbulent broadening of v macro = 6.79 ± 0.62 km s −1 . The uncertainties are determined by the scatter of the broadening velocities from observation to observation, and may be underestimated as they do not account for systematic offsets due to model mismatch. These broadening velocities are used in the global modeling of the system described in Section 4.
UVW Space Motion
We calculate the star's Galactic space-velocity components U , V and W to locate it kinematically within the Galaxy. We use the Gaia DR2 parallax (Gaia Collaboration et al. 2018) (uncorrected for the Stassun & Torres (2018) systematic offset of 80 µarcseconds), to infer a distance to EPIC 246851721 of 375 ± 18 pc. Note that the Stassun & Torres (2018) offset is slightly smaller than the DR2-quoted uncertainty of this star of 130 µarcseconds. We find that EPIC 246851721 is located about 80 parsecs below the plane, which is entirely typical for a thin disk star of this spectral type (Bovy 2017) . Using the absolute systemic RV of this system from TRES of 36.85 +0.13 −0.12 km s −1 , we infer that (U, V, W )=(−22.6±0.3, −12.6±1.1, −10.1±0.5) km s −1 ; again entirely normal kinematics for a star of this spectral type and confirming that it is, indeed, a thin disk star (Bensby et al. 2003) .
Had we applied the Stassun & Torres (2018) offset, we would have inferred a distance of 373 ± 18 pc, well within 1σ of the uncorrected result; doing so would have had a negligible impact on our inferences about the location and kinematics of this star.
EXOFASTV2 GLOBAL FIT
To properly determine the final system parameters for EPIC 246851721 and its planet, we use the exoplanet global fitting suite EXOFASTv2 (Eastman 2017) , to perform a global analysis of all the available data. Specifically, we perform a simultaneous fit of the flattened K2 light curve, accounting for the long cadence smearing; the DEMONEXT light curves; the Doppler tomographic map; and the radial velocity data. Within the fit, we use the spectral energy distribution (SED), the integrated YY stellar tracks (Yi et al. 2001) , and the parallax from Gaia DR2 summarized in Table 1 to constrain the host star properties with priors set on T eff and [Fe/H] from the TRES spectra described in Section 2.2.1. We enforce an upper limit on the V-band extinction from the Schlegel et al. (1998) dust maps of 0.328. Since the high v sin I is causing higher than typical errors on our radial velocity measurements from TRES, we do not attempt to fit for the eccentricity and fix it to zero. To correct for the flux contribution from the nearby blended stellar companion, we separately fit its SED and determine the following deblending coefficients (B/A) for the K2 and DEMONEXT light curves: Kepler = 0.001597, g = 0.005259, i = 0.000792. We include these deblending coefficients in our EXOFASTv2 global fit to properly account for the contamination on each light curve. We note that our final determined parallax from the global fit is 2.970±0.072 mas, which is ∼ 2σ different from the value reported by Gaia (2.66±0.13 mas). It is not clear what is causing this discrepancy, but the higher than typical error on the Gaia parallax and the blending nearby companion may be responsible.
See Fig. 1 for the final K2 transit fit, Fig. 6 for the final RV fit, Fig. 7 for the final SED fit from our EXOFASTv2 global fit, and Fig. 8 for the best-fit evolutionary track. The median values of the posterior distributions of the system parameters are shown in Table 3 , and the telescope parameters are shown in Table 4 .
DISCUSSION
The Stellar Companion
The stellar companion to EPIC 246851721 has a parallax of 2.70 ± 0.31 mas and proper motions of µ α = 5.69 ± 0.48 mas yr −1 and µ δ = −14.81 ± 0.35 mas yr −1 (Gaia Collaboration et al. 2018) . The parallax places the companion at a distance of 370 ± 42 pc, consistent with the distance of the primary within 1σ. Their proper motions are also sufficiently similar that we can conclude that the companion is most likely bound. The projected separation of 5.842 translates to a physical separation of ∼ 2100 AU. This places the system just beyond the range of separations examined by the Friends of Hot Jupiters collaboration in a series of papers (Ngo et al. 2016 , and references therein), which found that stars hosting hot Jupiters are more likely to have stellar companions between 50 and 2000 AU compared to field stars. EPIC 246851721 b therefore adds to the sample of hot and tropical Jupiters with bound stellar companions.
However, the properties of hot Jupiters' stellar companions are incompatible with high eccentricity migration through stellar Kozai-Lidov oscillations being the dominant channel of giant planet migration. Ngo et al. (2016) determined that only 16% ± 5% of hot Jupiters have stellar companions capable of inducing Kozai-Lidov oscillations, assuming initial semi-major axes between 1 and 5 AU. Dawson & Murray-Clay (2013) also showed that giant planets orbiting metal-poor stars are confined to lower eccentricities than those orbiting metalrich stars. This is more compatible with planet-planet interactions than with planet-stellar Kozai-Lidov interactions, because giant planet formation is strongly correlated with stellar metallicity but stellar multiplicity is not.
Nonetheless, we can explore the feasibility of stellar Kozai-Lidov emplacement in this system. In order to excite Kozai-Lidov oscillations on the planet, the precession caused by the perturber must be able to overcome other perturbing forces, including due to general relativity (GR), tides, and the oblateness of the star (Fabrycky 2010). For Jupiter-sized planets with periods 3 days, apsidal precession due to GR typically dominates over other sources of precession, so the Kozai-Lidov oscillation timescale must be shorter than the GR precession timescale in order for eccentricity excitation to take place. The former is on the order of (Kiseleva et al. 1998) 
(1) and the GR precession rate can be estimated as (Eq. 23 from Fabrycky & Tremaine 2007)
where P , a P and e P are the planet's initial orbital period, semi-major axis and eccentricity, and M per , P per and e per are the stellar perturber's mass, orbital period and eccentricity respectively. The inverse of this rate gives an estimate of the GR precession timescale. Using broadband photometry from 2MASS and SDSS, and Gaia parallaxes, we fit for the mass of the companion, M per , with the isochrones package 12 (Morton 2015) . The companion appears to be an M dwarf with a mass of ∼ 0.4 M . Without eccentricity constraints for the planet and the stellar companion, we assume a circular orbit for the planet and an orbital eccentricity of 0.5 for the companion, following Ngo et al. (2016) . Substituting these values and the sky-projected separation of 2100 AU into Eqs. 1 and 2, we find that if the planet had a starting semi-major axis of 1 AU, the GR timescale is three orders of magnitude smaller than the Kozai-Lidov timescale and stellar Kozai-Lidov emplacement is therefore impossible. At a starting semi-major axis of 5 AU, the two timescales are comparable so that stellar Kozai-Lidov emplacement is in theory plausible. Yet if stellar Kozai-Lidov oscillations were really responsible for the migration of EPIC 246851721 b, it seems The instrumental offset has been subtracted from each data set and the model. The uncertainties plotted include the RV jitter terms listed in Table 3 added in quadrature with the measurement uncertainties for all RVs. Below are the residuals to the maximum-likelihood orbit model. Right: same as the left panel, but phase-folded to the best-fit ephemeris. The X-axis is defined such that the primary transit occurs at 0.25, where T P is the time of periastron, T C is the time of transit, and P is the period. unlikely that the system should have such a low obliquity (see Section 5.2). These mysteries can be solved with a larger sample of hot Jupiters with "friends" and well-constrained obliquities.
Spin-Orbit Alignment
Doppler tomography also enabled us to measure the sky-projected spin-orbit misalignment λ for EPIC 246851721. Our global fit reveals that EPIC 246851721 b has a very small projected obliquity of −1.48
• ± 0.85
• . Fig. 9 shows EPIC 246851721 b alongside all other planets with known obliquities. EPIC 246851721 b joins a small group of known Jovian-sized planets at periods longer than 5 days (corresponding to a/R * 10) orbiting stars near or above the Kraft break (T eff 6100 K). Among these, only seven systems have measured projected obliquities. The other six are HAT-P-2 b (Winn et al. 2007 ), HAT-P-34 b (Albrecht et al. 2012) , KELT-6 b (Damasso et al. 2015) , KOI-12 b (Bourrier et al. 2015) , KOI-94 d (Albrecht et al. 2013 ) and WASP-38 b (Brown et al. 2012) . EPIC 246851721 is the fourth hottest star in the group, and Fig. 8 suggests it has been even hot- ter in the past. The angle λ is only the sky-projected angle between the stellar spin and orbital angular momentum vectors. To date, very few planets have known three-dimensional spin-orbit angles ψ, which cannot be directly measured. We can attempt to derive the true three-dimensional obliquity for this system using the information we have.
To estimate ψ, we need to know the inclination of the stellar rotation axis with respect to the line of sight (I * ), which can be calculated if we know the rotation period of the star. The systematics-corrected light curve of EPIC 246851721 shows a clear quasi-periodic variability with a peak-to-peak amplitude of ∼ 600 ppm. While we cannot be absolutely sure that this signal is induced by spot modulations rather than pulsations, since EPIC 246851721 resides in the typical T eff and log g range for γ Dor variables (e.g. Bradley et al. 2015) , the light curve strongly resembles those of spotted, rotating stars. We calculate a Lomb-Scargle periodogram (Lomb 1976 of the K2 light curve with the transits masked out and low-frequency trends removed (see Fig. 11 ). The periodogram shows three strong, closely-spaced peaks around ∼ 1.15 days. But if we divide the light curve into segments of ∼ 10 days in length and produce a periodogram for each, every periodogram shows a single, clear peak in the vicinity of 1.15 days. We adopt the mean of the peaks from the seven segments, resulting in a period of 1.152 ± 0.023 days. Again, the photometric variability may come from pulsations rather than spot modulations, but the rotation period of the star is related to the spectroscopically derived v sin I and stellar radius by sin I = v sin I P rot /2πR . A rotation period of 1.152 days would give us sin I 1. This coincidence gives us some confidence that the 1.152-day peak is close to the true rotation period of the star.
To deduce the full three-dimensional spin-orbit alignment, we perform a Monte Carlo simulation with 2 × 10 6 samples assuming independent Gaussian distributions for λ, R , v sin I , the planet's orbital inclination and P rot , and discarding any combination of parameters that leads to sin I > 1. The resulting distribution for ψ implies that the true obliquity of the system is very close to zero, with ψ = 3.7
•+3.7
• −1.8 • . For reference, the spin-orbit misalignment between the Earth and the Sun is about 7
• , and that between Jupiter and the Sun is about 6
• . Interestingly, six of the seven Jovian planets with T eff > 6100 K, P > 5 days and known obliquities are well aligned (|λ| < 20
• ), while only four out of ten such planets orbiting cooler stars are aligned. We can observe this apparent difference between the two populations more clearly in Fig. 10 , which shows the obliquity distributions of Jovian planets above and below the Kraft break as a function of a/R * . The obliquity distributions at a/R * 10 appear to contradict the empirical rule found by Winn et al. (2010) stating that stars with T eff 6100 K are more likely to host planets with high obliquities. Albrecht et al. (2012) and others reasoned that the original dichotomy found by Winn et al. (2010) is caused by differing amounts of mass in the stellar convective envelope, which acts to tidally dampen orbital obliquities. Cooler stars have a thicker convective envelope than hotter stars, resulting in stronger planet-star tidal interactions and shorter realignment timescales.
But as we gather more planets with known obliquities at a/R * 10, we observe that the fraction of misaligned planets around cooler stars starts to increase (right panel of Fig. 10 ). This trend was first described by Anderson et al. (2015) , who reasoned that tides become ineffective with sufficient distance from the star, so the population at large a/R * may retain their initial spinorbit angles instead of being tidally aligned. But Anderson et al. (2015) did not comment on the distribution around hot stars, presumably because there were too few planets with known obliquities at a/R * > 10. Our sample of planets in that regime is limited, but they are mostly aligned, including EPIC 246851721 b. We note that measured inner-disk-clearing timescales have been shown to be dependent on stellar mass (e.g. Kim et al. 2009; Ribas et al. 2015) , potentially due to the rate of photo-evaporation clearing the inner disk. A shorter disk clearing timescale for early-type stars may mean that the stopping distances of Jovian planets migrating indisk are longer for early-type stellar hosts than for latertype hosts. These Jovian planets at larger semi-major axes may also be part of a group of giant planets that formed in situ (e.g. Boley et al. 2016b) , whose accretion timescales depend on the viscosity and lifetime of the disk. We must caution, however, that the current sample of early-type stars bearing well characterized Jovian planets at longer orbital periods is severely limited. A simple Student's T-test of the hot and cool star samples shows that the distinction between the two populations at distances of a/R * > 10 is not yet statistically significant. We expect this parameter space to be populated with planets from the TESS mission, allowing a more statistically meaningful comparison to be made in the near future.
Is it possible that EPIC 246851721 b initially had a higher obliquity and subsequently underwent tidal realignment? The T eff of EPIC 246851721 places it near the Kraft break (Kraft 1967) , the boundary between convective and radiative stars. The convective layer thins gradually with higher T eff , resulting in a smooth transition. So we consider tidal dissipation timescales for both convective and radiative stars (Eqs. 2 and 3 from Albrecht et al. 2012 ): 1 τ CE = 1 10 × 10 9 yr q 2 a/R 40 
where τ CE and τ RA are the tidal dissipation timescales for stars with convective and radiative envelopes respectively, and q is the planet-to-star mass ratio (M P /M ). For EPIC 246851721 b, we estimate that τ CE ∼ 10 12 yrs and τ RA ∼ 10
16 yrs. Hence tidal dissipation is expected to be very weak whether the star is predominantly radiative or convective, though its rapid rotation suggests that it has a radiative envelope. Additionally, Li & Winn (2016) also found that realignment through tidal effects would lead to a significant increase in the stellar rotation period, so a rapidly rotating star like EPIC 246851721 should not have undergone tidal realignment. The long tidal dissipation timescales, combined with the rapid rotation of the host star, suggest that EPIC 246851721 b did not attain spin-orbit alignment through tidal interactions. It is therefore likely that the alignment we observe is primordial, which suggest that the planet formed in situ or underwent disk migration. This may be the case for all other aligned planets orbiting hot stars at a/R * 10.
Future Prospects
The lack of planet-bearing early-type stars at longer orbital periods is a selection bias. Planets around the larger, early-type host stars at longer orbital periods are currently beyond the reach of ground-based surveys. Survey Satellite (TESS, Ricker et al. 2014 ), we will soon begin to discover thousands of planets orbiting bright stars, including many Jovian planets with periods longer than 5 days, and sub-Jovian planets amenable to obliquity measurements. Both populations are relatively unexplored with respect to spin-orbit misalignment. A larger, more diverse sample may show us whether the primordial alignment in EPIC 246851721 is common among longer-period giant planets, and thereby reveal the dominant migration mechanism of close-in giant planets. Approximately 200 giant planets with periods longer than 5 days are expected to be discovered around stars brighter than T mag = 12 in the TESS primary mission (Huang et al. 2018) .
